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(54) Electrostatic discharge protection of a capacitive type fingerprint sensing array 



(57) A planar fingerprint pattern detecting array in- 
cludes a large number of individual skin-distance sens- 
ing cells that are arranged in a row/column configura- 
tion. Each sensing cell includes an amplifier having an 
ungrounded input mode and an ungrounded output 
node. Output-to-input negative feedback that is sensi- 
tive to the fingerprint pattern is provided for each ampli- 
fier by way of (1 ) a first capacitor plate that is placed 
vertically under the upper surface of a dielectric layer 
and is connected to the ungrounded amplifier input 
node, (2) a second capacitor plate that is placed verti- 
cally under the upper surface of the dielectric layer in 



close horizontal spatial relation to the first capacitor 
plate and is connected to the ungrounded output node, 
and (3) an ungrounded fingertip whose fingerprint pat- 
tern is to be detected, which ungrounded fingertip is 
placed on the upper surface of the dielectric layer in 
close vertical spatial relation with the first and second 
capacitor plates. Electrostatic discharge protection rel- 
ative to electrostatic potential that may be carried by the 
ungrounded fingertip is provided by placing a number of 
grounded metal paths within the dielectric layer to spa- 
tially surround each of the first and second capacitor 
plates, this being done in a manner that does not disturb 
the ungrounded state of the fingertip. 
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Description 

[0001] This invention relates to the field of fingerprint 
image sensing and detection; i.e., to the detection of a 
fingerprint's minutiae such as ridge endings and bifur- 
cations. More specifically, this invention relates to a mul- 
tipixel, capacitance type fingerprint sensor. 
[0002] As is well known, the fingerprint of a human is 
composed of lines or ridges, which have both branching 
parts or bifurcations and abrupt endings or end points. 
These branching parts, bifurcations, endings, and end 
points are also known as minutiae. Fingerprints are 
identified by the locations of, and the relationships 
among, these minutiae. 

[0003] The present invention relates to an improved 
capacitance sensor that operates to sense or detect fin- 
gerprint minutiae. The use of capacitance type sensors 
is generally known. 

[0004] For example, the publication SENSORS AND 
ACTUATORS, Jan/Feb 1989, no. 1/2, at pages 141-153, 
contains an article entitled INTEGRATED TACTILE IM- 
AGER WITH AN INTRINSIC CONTOUR DETECTION 
OPTION that was presented at the Fourth International 
Conference on Solid-State Sensors and Actuators 
(Transducers '87), Tokyo, Japan, June 2-5, 1987. This 
article describes an integrated capacitive tactile imaging 
sensor that comprises a multi-layer construction having 
a bottom ceramic support, a 9-row/9-column array of 
square aluminum electrodes that are contained on a sil- 
icon wafer integrated circuit, a flexible and isolating in- 
termediate layer that is made up of natural rubber, a thin 
conductive rubber layer, and a top protective layer. In 
this device, capacitance depends upon local deforma- 
tion of the natural rubber layer. The 81 individual alumi- 
num electrodes of this device provide capacitive meas- 
urement of an indentation pattern within the natural rub- 
ber layer, this indentation being caused by a pressure 
distribution that acts on the top protective layer. 
[0005] The use of a capacitance type sensor to sense 
the minutiae of a human fingerprint is also known. 
[0006] For example, the publication IEEE ELEC- 
TRON DEVICE LETTERS, VOL. 18, NO. 1, JANUARY 
1997, pages 19-20, contains an article entitled NOVEL 
FINGERPRINT SCANNING ARRAYS USING POLY- 
SILICON TFT'S OF GLASS AND POLYMER SUB- 
STRATES This article describes a two-dimensional 
(2-D), 200x200, capacitance sensing array that is made 
up of 40,000 individual pixels. Each pixel of the array 
includes two thin film transistors (TFTs) and a capacitor 
plate. Each array pixel resides at the intersection of an 
array-row and an array-column, and each array pixel is 
individually addressable by way of row-driver circuits 
and column-driver circuits. 

[0007] Considering the two TFTs, hereinafter called 
TFT-A and TFT-B, that are associated with a given pixel, 
the drain electrodes of TFT-A and TFT-B are connected 
to the pixel's capacitor plate, the gate electrode and the 
source electrode of TFT-A are connected to a row-con- 



ductor that is associated with the pixel, the gate of TFT- 
B is connected to the following row-conductor, and the 
source of TFT-B is connected to a column-conductor 
that is associated with the pixel. 

5 [0008] A thin (0. 1 micrometer) silicon nitride insulator 
overlies the capacitor plate of each array pixel. When 
the ridge of a fingerprint lies directly over the capacitor 
plate, a capacitor is formed between the capacitor plate 
and the finger. This capacitor is charged when a row- 

10 pulse (8 to 10 VDC, and of 10 to 100 micro second du- 
ration) is applied to the pixel by way of the row-conductor 
that is associated with this pixel and TFT-A. This stored 
charge is thereafter transferred onto the pixel's column - 
conductor through TFT-B when a row-pulse is applied 

'5 to the following row-electrode. 

[0009] Also of interest is the publication 1997 IEEE 
INTERNATIONAL SOLID-STATE CIRCUITS CONFER- 
ENCE that contains an article beginning page 200 enti- 
tled A 390DPI LIVE FINGERPRINT IMAGER BASED 

20 ON FEEDBACK CAPACITIVE SENSING SCHEME. 
This article describes a single-chip, 200x200 element 
array, 2-metal digital CMOS technology, sensor that is 
based upon feedback capacitance sensing, and that op- 
erates to detect the electrical field variation that is in- 

25 duced by the finger's skin surface. In each element of 
the array , two horizontally spaced metal plate's are sep- 
arated from the overlying and adjacent portion of the fin- 
ger's skin surface by passivation oxide. Since the dis- 
tance between the skin and the sensor's surface identi- 

30 fies the presence of the fingerprint's ridges and valleys, 
an array of elements provides a complete fingerprint 
pattern. 

[0010] In each element of the array, the two metal 
plates are respectively connected to the input and the 

35 output of a high-gain inverter, to thereby form a charge- 
integrator. In operation, the charge-integrator is first re- 
set by shorting the input and output of the inverter. A 
fixed amount of charge is then sinked from the input, 
causing the output voltage to swing inversely propor- 

*o tional to a feedback capacitance value that is inversely 
proportional to the distance to the fingerprint's ridges 
and valleys. The array of cells, or sensors, thus provides 
the complete fingerprint pattern. The fingerprint image 
disappears when the finger is removed from the array. 

^5 [0011] U.S. Patent 4,353,056, incorporated herein by 
reference, is of interest in that it relates to a capacitance 
type fingerprint sensor wherein a finger is pressed onto 
the sensor's surface in order to read the ridges and val- 
leys of the fingerprint. The sensor-surface has a large 

50 number of capacitors of a small physical size associated 
therewith. Two sensors are described. In a first type of 
sensor, an electrical insulator carries a number of flexi- 
ble and horizontally spaced curved metal electrodes, 
two adjacent metal electrodes of which comprise one 

55 capacitor. A protective insulating film overlies the elec- 
trical insulator, and when a finger is brought into physical 
contact with this protective insulating film, the metal 
electrodes are physically deformed, thereby selectively 
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pacitor plates, or the grounded ESD protecting grid/ 
mesh/pattern may be placed on a somewhat higher 
physical and dielectric-covered level. It is critical to this 
invention that the grounded ESD protective grid/mesh/ 
pattern of this invention be physically and electrically 
isolated from the upper dielectric surface that the finger- 
tip touches. In this way, the fingertip is not undesirably 
grounded by physical contact with this upper dielectric 
surface. Grounding of the fingertip is undesirably in this 
type of capacitance sensing array since a grounded fin- 
gertip would also ground a portion of the amplifier's out- 
put/input feedback circuit, thus rendering the amplifier 
essentially inoperative. 

[0024] The present invention finds particular utility 
when the grounded protective grid thereof is provided 
as a portion of a solid state capacitive sensor for a fin- 
gerprint recognition system that includes a periodic ar- 
ray of integrated circuits (ICs) and dielectric-buried ca- 
pacitor plates; for example, wherein each array pixel in- 
cludes a signal-inverting circuit whose output and input 
are respectively connected to one of a pair of generally 
topmost disposed, dielectric-buried, and generally co- 
planar metal capacitor plates. In this construction and 
arrangement, the fingertip that is being subjected to fin- 
gerprint pattern sensing/recognition is physically placed 
on, or very closely adjacent to % a top-most disposed di- 
electric or passivated surface of the solid state sensing 
structure. The presence of an ungrounded fingertip skin 
ridge across a cell's pair of dielectric-buried coplanar 
metal plates operates to induce capacitive coupling be- 
tween the pair of capacitor plates, relative to, tor exam- 
ple, and an adjacent cell whose buried capacitor plates 
cooperate with an ungrounded fingertip skin valley. The 
entire fingerprint pattern can thus be digitized by sens- 
ing the differences in adjacent cell capacitive values. 
[0025] The ESD immunity of such a solid state array 
may be relatively poor, since in this type of circuit con- 
figuration, it is usual to connect the cell's buried and un- 
grounded capacitor plates to transistor gates and/or to 
connect the cell's ungrounded and buried capacitor 
plates to system ground potential by way of reverse bi- 
ased diodes. In this type of construction and arrange- 
ment, the electrostatic charge sometimes carried by a 
human body and its fingertip, which may be in the range 
of several kilo volts (kV), may be sufficiently high to 
break through the solid state cell's upper dielectric/pas- 
sivation layer, and thus raise the potential at unground- 
ed circuit nodes that are associated with the buried ca- 
pacitor plates so as to exceed the gate oxide breakdown 
voltage of the transistor gates that are connected to 
these capacitor plates. In addition, if the fingertip's elec- 
trostatic induced voltage buildup across the above men- 
tioned ground connecting diodes exceeds the oxide 
breakdown voltage, the gate oxide can be ruptured, thus 
damaging the associated array cell. 
[0026] In order to improve the ESD immunity of such 
a solid state array, the present invention operates to sur- 
round each capacitor plate with a grid, or mesh of metal 



lines, that are connected directly to system ground po- 
tential. In accordance with this invention, this new and 
unusual grounded grid/mesh of metal lines may be 
placed, buried, or routed in the same horizontal plane 

s as that occupied by the capacitor plates, or the grid/ 
mesh of metal lines may be placed, buried, or routed in 
a higher horizontal plane than the plane occupied by the 
buried capacitor plates. In this second case, the grid/ 
mesh ot metal lines occupies a plane that is physically 

10 closer to, but remains dielectric-isolated from, the fin- 
gertip than is the plane of the buried capacitor plates. 
[0027] An object of this invention is to provide electro- 
static discharge protection for a capacitive type finger- 
print pattern sensing array that has a number of individ- 

1S ual skin-distance sensing cells that are arranged in a 
closely spaced physical configuration, wherein the array 
includes a dielectric layer having an upper surface on 
which an ungrounded fingertip having a fingerprint pat- 
tern is placed. Each sensing cell includes an amplifier 

20 having an ungrounded input mode, an ungrounded out- 
put node, and ungrounded output-mode-to-input-node 
negative feedback circuit. This negative feedback circuit 
includes the capacitive effect of a fingertip of the upper 
surface of the dielectric layer, and this negative feed- 

25 back is therefore sensitive to the fingertip's unique fin- 
gerprint pattern. More specifically, this negative feed- 
back is provided by the series electric effect of (1 ) a first 
capacitor plate that is located or buried vertically under 
the upper surface of the dielectric layer and connected 

30 to the ungrounded input node, (2) a second capacitor 
plate that is located, or buried, vertically under the upper 
surface of the dielectric layer in close horizontal spatial 
relation to the first capacitor plate and connected to the 
ungrounded output node, and (3) the ungrounded fin- 

35 gertip that is placed in vertical spatial relation with the 
first and second capacitor plates. Continuous, or discon- 
tinuous, grounded metal paths are now provided verti- 
cally under the upper surface of the dielectric layer, or 
buried within the dielectric layer, to thereby spatially sur- 

40 round the first and second capacitor plates in an elec- 
trical sense. This metal path is connected to ground po- 
tential, to thereby protect the input and output nodes 
from electrostatic potential that may be carried by the 
fingertip, and in a manner that does not disturb the un- 

45 grounded state of the fingertip. 

[0028] These and other objects, features and advan- 
tages of this invention will be apparent to those of skill 
in the art upon reference to the following detailed de- 
scription of preferred embodiments thereof, which de- 

50 scription makes reference to the drawing. 

[0029] FIGS. 1, 2 and 3 are related to above-men- 
tioned U.S. Patent Application Serial No. 08/799,548, 
filed February 13, 1997, and entitled CAPACITIVE DIS- 
TANCE SENSOR. The sensing-array of FIG. 1 includes 

55 a large number of the individual FIG. 2,3 sensing-celis 
and can be used in fingerprinting. The present inven- 
tion's ESD protecting apparatus/method finds utility 
within each cell of the FIG. 1 sensing-array. 
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[0030] FIG.4isasideviewo.onesensingce.Mthe 

See are .ocaled on a common horizontal plane and 
E. within the body o. a dialect* .aye, JP 
surface is adapted for physically engagement by a tin 
oe S doe FIG. 4 showing a grounded metal grid o. 
h P ^sen nvention that operates to protect the un 
ToundeS capacitor plates from elec.ros.anc potential 
?^a may be carried by the ungrounded finger*, and 
S^Lingan embodiment of the invention where* 
e a otnded metal-grid or pattern occupies gener » 
1 same horizontal plane as the capacitor plate(s) to 
be protected (rom electrostatic charge. 
100311 FIG 5 is a top view of the two capacitor plates 

the grounded me,, 
S and .he manner in which .his metal grid surrounds 
all capacitor plates of all sensing cefe 
100321 FIG 6 is a side view similar to FIG. 4 thai 
how J Embodiment of the invention having a ground- 
2 Cam that occupies a generally horizontal 

Spied by the capacitor plate(s) to be protected from 

[^j^^iaT^a side view similar to FIG. 6 that 

ed metal-pattern that occupies a generally honzonta 
SaTSat is located vertically above the horizontal 
Slaneoicupiedby the capacitor P la«e(s) to be protected 

how anembodim^ 

ed metal-pattern that occupies a horizontal plane tha is 
Smed vertically below .he horizontal plane occupied 
by e capacito; plate(s) to be protected from eledro- 
s?a ic charge, .his me.a.-pa.tern including a plurality of 
me al fingers that extend vertically upward to generally 
rutund the capacitor pla.e(s) to be protected from 

ioned U.S. Patent Application Serial ^f" 9 ^; 
filed February 13, 1997, and entitled CAPACITIVEDIS 
TANCE SENSOR. FIGS. 2 and 3 show one of FIG is 
sensing cell 2, each cell operating to measure or deter- 
Tne me distance "d" to a vertically-associated part of 
a inqlrtip 8 Array Sol FIG. 1 includes a large number 
S individual sensing cells 2 and can be used in 
^printing. The present invention's ESQ p tin 
apparatus/method finds utility within each cell 2 of array 

L36I FIG. 1 which is taken in the X-Y plane is a top 

a generally planar, multiple pixel, multiple row» 
sensor-array 3 having a relatively large numbe 0 he 
FIG 2 individual solid state capacitive sensor cells 1. 
Cells 2 operate in combination to provide a t.me-se- 



ouenfial electrical output 10 that comprise the mump le 

"pixel fingerprint pattern of an ^^J^Z 
lhatisplacedonthedielectric upper surface 1 25 ol array 

5 ?00371 Array 3 contains the number N of horizontal or 
5 52** extending rows 0. individual , cap«* «• 
sensor cells 2, each row having the number M of ind, 
JduS sensor cells 2 therein, and array 3 contains the 
1, M o. vertical or Y-direction extending columns 

sized about 20 mm to about 25 mm. 
^ EachMrvidua1cell2^inarray3.8a^ess- 

Sy virtue 0. the cel. being physica.fy located at the 

riiniiize a multiple pixel fingerprint pattern are wen 
1T.0 those olsJin the art and do not form a limi- 

Saoe or network 6, and a vertical scanning stage or 
networks for sequentially interrogating or reading one 
c SSi t ime. according .0 a predetermined cell-scan- 
«««n Preferably stages 5 and 6 comprise sfult 

1 ^ Ld or mesh construction and arrangement 40 

40 cally isolated from the upper surface 1 25 of d.e.ecir 
a er 25 upon which the ungrounded fingertip JB « 
piaced Grounded metal grid/mesh 40 operates to P ro- 

be sensed or detected by way of placing finger or fin 
gertip portion 18 physically on the top surface 125 0. 
FIG 2's dielectric layer 25. „„ Kl ;mnir 
100421 IC device I includes a grounded supply/logic 
so Sage or network, 7 that operates to supply the compo- 
nents °f IC device 1 , including all cells 2, with the nee- 
e ry operating voltages, and .0 con.rol e ^ 
eSS y . , hat a J r neC essary for operation of IC device 1. 
I X a ground DC vol.age source 1 2 provides 
5S a DC reference vol.age Vr. A bu.-er 8 is connect to 
L outputs 17 of all cells 2. The output 10 of butle 8 is 
fenced .0 system ground 100 and comprise the 
0 pu, o, IC device 1 . the serial signal sequence a. ou.- 
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put 10 being controlled by operation of scanning stages 
5 and 6. 

[0043] FIG. 2 schematically shows the circuit details 
of a single cell 2 of FIG. 1's array 3, all cells 2 being 
generally identical in construction and arrangement. 5 
Each cell 2 includes a low-power, signal-inverting, am- 
plifier 1 3 having an exemplary gain of from about 1000 
lo about 2000. Terminal 21 and system ground 100 com- 
prise the ground-referenced input to the circuit of FIG. 
2. and terminal 21 and input capacitor 20 connect to in- 10 
put 16 of amplifier 13. Terminal 17 and system ground 
100 comprises the ground-referenced output of cell 2 
and amplifier 1 3. Each cell 2 also includes two X-Y pla- 
nar ungrounded armatures or ungrounded metal capac- 
itor plates 23,24 that are of generally equal area and are '5 
horizontally or X-direction spaced from each other within 
the common X-Y horizontal plane. A thin dielectric layer 
25, or a thin passivation layer 25, covers the upper sur- 
face of capacitor plates 23,24, and the upper horizontal 
surface 125 of layer 25 provides an active array surface 
for physical contact by the ungrounded skin surface 18 
of a person's fingertip whose ingerprint pattern is to be 
sensed or determined. Dielectric layer 25 may cover the 
entire face of the upper portion of IC device 1 that in- 
cludes array 3 and its individual cells 2. 
[0044] In use, a person's ungrounded fingertip 18 is 
placed on the upper surface 125 of array 3's dielectric 
layer 25. Fingertip skin surface 18 thereby forms an un- 
grounded armature or ungrounded electrode (also see 
133 of FIG. 3) that vertically overlies and faces the top 
X-Y planar surface of ungrounded capacitor plates 
23 24 As shown in FIG. 3. ungrounded skin surface 18 
operates to define with plates 23,24 a first capacitor 34 
and a second capacitor 33. which series connected 
compound capacitor 33,34 is connected in negative 
feedback fashion from ungrounded amplifier output 17 
to ungrounded amplifier input 16. 
[0045] Each cell 2 also includes a normally open re- 
set: control, or start switch 1 9, preferably in the form of 
a MOS switch. Switch 19 selectively and momentarily 
operates to short ungrounded amplifier input 16 to un- 
grounded amplifier output 1 7. Switch 1 9 is controlled by 
a control signal "R" that is provided by FIG. Vs supply 
and logic unit 7. At the start of a fingerprint acquisition 
operation, switches 19 of all array cells 2 are momen- 
tarily closed, and the input/output voltage level at all cell 
inputs 21 is thus maintained at a constant magnitude. 
In this way, input voltage 21 of all cells 2 is brought to 
the same potential as the cell's output voltage 17. 
[0046] Shortly thereafter, supply and logic unit 7 op- 
erates to open all reset switches 19, and to supply all 
ungrounded cell inputs 21 with a step voltage that is 
equal in magnitude to reference voltage Vr relative to 
system ground 1 00 An electrical charge is now induced 
at each of the cell input capacitors 20, thus permitting 
the reading ol the local and individual Z-direction cell 
distances *d" that exist between a cell's ungrounded ca- 
pacitor plates 23,24 and that cell's overlying and un- 



grounded skin surface 1&. 

[0047] Scanning stages 5,6 of FIG. 1 now operate to 
sequentially enable the reading or interrogation of the 
many cells 2 within array 3. In this way, buffer 8 operates 
to sequentially provide a serial signal output 10 in the 
form of a sequence gray levels of voltage that provide 
a three-dimensional readout and display of the skin sur- 
face 18 of the fingertip that is currently resident on the 
top dielectric surface 125 ot array 3. 
[0048] FIG. 3 is an equivalent circuit of the single cell 
circuit shown in FIG. 2. The input capacitance of ampli- 
fier 1 3 is shown at 30, the output capacitance of amplifier 
13 is shown at 31, system ground potential is shown at 
100, and the two above-mentioned series connected 
and skin-sensitive capacitors are shown at 1 33,33,34. 
[0049] In this type of capacitance sensing array 3, 
wherein each cell's amplifier configuration (see FIG. 2) 
includes the ungrounded output 1 7 to input 1 6 feedback 
circuit that includes elements 23,25,18,25,24, a high 
electrostatic potential that is sometimes carried by the 
human body may cause fingertip 18 to produce unde- 
sirable and potentially circuit-destructive voltages to be 
induced at amplifier circuit modes such as 16 and 17. 
[0050] With reference to the side view of FIG. 4 and 
the top view of FIG. 5, the present invention provides a 
grounded metal grid or mesh construction and arrange- 
ment 40 that is electrically isolated from, but physically 
associated with, each of FIG . 2's capacitor plates 23 and 
24 that are buried within, or are located under, dielectric 
layer 25. While it is preferred that both capacitor plates 
23,24 and grid/mesh 40 be buried within the body of di- 
electric layer 25, as is shown in FIGS. 4 and 5, within 
the spirit and scope of this invention one or both of the 
two components capacitor plates 23,24 and grid/mesh 
40 may be carried by the bottom surface 225 of dielectric 
layer 25, as is shown in FIG. 2. In addition, within the 
spirit and scope of this invention, the two components 
capacitor plates 23,24 and grid/mesh 40 may be located 
in a common horizontal or X-Y plane, or they may be 
located in different horizontal planes. When located in 
different horizontal planes, it is preferred, but not essen- 
tial, that the plane of grid/mesh 40 be located closer to 
dielectric surface 125 than are capacitor plates 23,24, 
as is shown by dotted line 325 of FIG. 4. 
[0051] It is important to this invention that both capac- 
itor plates 23,24 and electrically grounded grid/mesh 40 
be physically located vertically under the upper surface 
125 of dielectric layer. In this way, grid/mesh 40 is phys- 
ically and electrically isolated from the upper surface 
125 of the dielectric layer 25 upon which ungrounded 
fingertip 18 is placed during acquisition of its fingerprint 
pattern. 

[0052] In FIG. 4, grounded grid/mesh 40 is shown as- 
sociated with only one FIG. 2 cell. However, in a like 
manner, grounded metal grid/mesh 40 is associated 
with each of the cells 2 of FIG. 1 , as better shown by the 
top view of FIG. 5. Grid/mesh 40 operates to protect all 
ungrounded amplifier modes of all sensing cells 2 from 
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any electrostatic potential that may be carried by a per- 
son whose fingerprint is to be sensed or detected by way 
of placing the fingertip portion 1 8 physically on, or close- 
ly adjacent to, the top surface 125 of dielectric layer 25. 
[0053] As seen in FIG. 5, each capacitor plate is sur- s 
rounded by a dielectric-defined gap area 41 that com- 
prises a portion of dielectric layer 25. By way of example, 
the width 41 of gap area is usually equal to a few micro- 
inches. * 

[0054] FIG. 6 is a side view similar to FIG. 4 that JO 
shows an embodiment of the invention having a ground- 
ed metal-pattern 600 that occupies a generally horizon- 
tal plane 601 that is located vertically below the horizon- 
tal plane 602 that is occupied by one or more capacitor 
plates 23 that are to be protected from an electrostatic is 
charge that may be carried by a finger resident on hor- 
izontal dielectric surface 125. 
[0055] FIG. 7 is a side view similar to FIG. 6 that 
shows an embodiment of the invention having a ground- 
ed metal-pattern 603 that occupies a generally horizon- 20 
tat plane 604 that is located vertically above the horizon- 
tat plane 602 that is occupied by one or more capacitor 
plates 23 to be protected from electrostatic charge that 
may be carried by a finger that is resident on horizontal 
dielectric surface 1 25. 25 
[0056] FIG. 6 is a side view similar to FIG. 7 that 
shows an embodiment of the invention having a ground- 
ed metal-pattern 610 that occupies a horizontal plane 
61 1 that is located vertically below the horizontal plane 
602 that is occupied by one or more capacitor plates 23 30 
that are to be protected from electrostatic charge that 
may be carried by a finger that is placed on horizontal 
dielectric surface 125. In this embodiment, metal-pat- 
tern 610 includes a plurality of metal fingers 620 that 
extend Vertically upward to generally surround a capac- 35 
itor plate 23 that is to be protected from electrostatic 
charge that may be carried by a finger that is placed on 
horizontal dielectric surface 125. In FIG. 8, it is shown 
that the upper ends of fingers 620 terminate in a plane 
621 that is generally coincident with the upper surface 40 
of capacitor plate(s) 23. much as is shown in FIG. 4, . 
However it is to be noted that the upper ends of fingers 
620 may also be located below capacitor plate(s) 23, as 
in FIG. 6, or the upper ends of fingers 629 may be lo- 
cated above capacitor plate(s) 23, as in FIG. 7. 45 
[0057] FIG. 8 is also of interest to the general scope 
of this invention in that this embodiment shows that with- 
in the spirit and scope of this invention a capacitor plate 
protecting metal-pattern need not provide continuous 
encirclement of the capacitor plate that is to be protected so 
from finger-carried electrostatic voltages. 
[0058] This invention has been described in detail 
while making reference to preferred embodiments 
thereof. However, since it is appreciated that those 
skilled in the art wilL upon learning of this invention, 55 
readily visualize yet other embodiments of this invention 
thai are also within its spirit and scope, it is not intended 
that the above detailed description be taken as a limita- 



tion on the spirit and scope of this invention. 



Claims 

1. A method of providing electrostatic discharge pro- 
tection for a capacitive fingerprint pattern detecting 
array, comprising the steps of: 

providing a fingerprint pattern detecting array 
having a number of individual skin-distance 
sensing cells that are arranged in a closely 
spaced physical configuration; 

providing a dielectric layer for said array, said 
dielectric layer having an upper surface; 

placing an ungrounded fingertip having said fin- 
gerprint pattern on said upper surface; 

providing each sensing cell with an amplifier 
having an ungrounded input mode and an un- 
grounded output node; 

providing ungrounded output-mode-to-input- 
node feedback for each of said amplifiers, said 
feedback being sensitive to said fingerprint pat- 
tern; 

providing said feedback for each of said ampli- 
fiers by way of (I) a first capacitor plate that is 
placed vertically under said upper surface of 
said dielectric layer and is connected to said 
ungrounded input node, (2) a second capacitor 
plate that is placed vertically under said upper 
surface of said dielectric layer in close horizon- 
tal spatial relation to said first capacitor plate 
and is connected to said ungrounded output 
node, and (3) said ungrounded fingertip in ver- 
tical spatial relation with said first and second 
capacitor plates; 

providing a metal path vertically under said up- 
per surface of said dielectric layer, to spatially 
surround but not physically engage said first 
and second capacitor plates; and 

connecting said metal path to ground, 

to thereby protect said input and output nodes 
from electrostatic potential that may be carried 
by said fingertip in a manner that does not dis- 
turb said ungrounded state of said fingertip. 

2. The method of claim 1 including the step of: 

providing said amplifier for each sensing cell as 
signal-inverting amplifier; and 
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providing said ungrounded output-mode-to-in- 
put-node feedback for each of said amplifiers 
as negative-signal feedback. 

3. The method of claim 1 including the step of: s 

prior to said step of placing said ungrounded 
fingertip on said upper surface, momentarily short- 
ing said input and output nodes of each amplifier of 
each sensing cell. 

4. The method of claim 3 including the step of: 

providing said amplifier for each sensing cell as 
signal-inverting amplifier; and 

15 

providing said ungrounded output-mode-to-in- 
put-node feedback for each of said amplifiers 
as negative feedback. 

5. The method of any of claims 1 , 2 or 4 including the 20 
step of: 

placing said first and second capacitor plates 
and said metal path on a common physical plane. 

6. The method of claim 1 or 5 including the step of: 25 

burying said first capacitor plate, said second 
capacitor plate, and said metal paths within said di- 
electric layer at a location that is spaced from said 
upper surface of said dielectric layer. 

30 

7. The method of claim 5 when dependent on claim 4 
including the step of: 

burying said first capacitor plate, said second 
capacitor plate, and said metal path between said 
upper surface and a lower surface of said dielectric 35 
layer at a location that is spaced from said upper 
surface of said dielectric layer. 

8. Apparatus providing electrostatic discharge protec- 
tion to an object-distance sensitive device having a 40 
generally planar physical array of a plurality of indi- 
vidual distance-measuring capacitance-cells, each 
cell of which includes a pair of electrically unground- 
ed capacitor plates that are electrically isolated from 
each other and are placed below an ungrounded 4 $ 
dielectric surface that is adapted for physical asso- 
ciation with a portion of an ungrounded object, each 
cell also having an amplifier with an ungrounded in- 
put-node that is connected to one said capacitor 
plates and an ungrounded output-node that is con- so 
nected to the other of said capacitor plales, wherein 
said pair of capacitor plates and said ungrounded 
object for each cell operate to provide a compound- 
feedback-capacitor whose capacitance value is a 
function of a distance between a portion of said un- 55 
grounded object and said dielectric surface, said 
apparatus comprising: 

grounded metal path means placed below 



said ungrounded dielectric surface so as to be elec- 
trically isolated from, and so as to physically sur- 
round, each of said capacitor plates of each of said 
cells. 

9. The apparatus of claim 8 wherein: 

said capacitor plates and said metal path 
means are placed in a common plane that is spaced 
from and generally corresponds to said dielectric 
surface. 

10. Distance measuring apparatus for providing an out- 
put indicative of the ridge/valley fingerprint pattern 
of a fingertip, said apparatus comprising: 

a physical array having a plurality of individual 
distance-sensing capacitance-celis; 

each capacitance-cell including a first and a 
second electrically ungrounded capacitor plate 
that are electrically isolated from each other 
and are placed below an ungrounded dielectric 
surface that Is adapted for physical association 
with a portion of an electrically ungrounded fin- 
gertip; 

each capacitance-cell including an amplifier 
having an electrically ungrounded input-node 
connected to said first capacitor plate, and hav- 
ing an electrically ungrounded output-node 
connected to said second capacitor plate; 

said first and said second of capacitor plates 
being adapted to form a compound-capacitor 
with an ungrounded fingertip currently resident 
on said dielectric surface, said compound-ca- 
pacitor providing amplifier feedback as a func- 
tion of a distance between a portion of the un- 
grounded fingertip ridge/valley pattern and said 
dielectric surface; and 

electrically grounded metal path means placed 
below said ungrounded dielectric surface in a 
manner to be electrically isolated from, and in 
a manner to physically surround, each of said 
capacitor plates of each of said capacitance- 
cells. 

11. The apparatus of claim 8 or 10 wherein: 

said metal path means and said capacitor 
plates are embedded within a dielectric layer whose 
upper surface which may be generally planar com- 
prises said dielectric surface. 

12. The apparatus of claim 10 wherein: 

said amplifier is a signal-inverting amplifier; and 
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said amplifier feedback is negative-signal feed- 
back. 

13. The apparatus of any of claims 10 to 13 wherein: 

said capacitor plates and said metal path 
means are placed in a common plane that is gen- 
erally parallel to said dielectric surface. 

14. The apparatus of claim 8 or any of claims 10 to 12 
wherein : 

said metal path means is placed in a first 
plane that is intermediate a second plane that is oc- 
cupied by said capacitor plates and a third plane 
that is occupied by said dielectric surface. 

1 5. Distance measuring apparatus for providing an out- 
put indicative of the ridge/valley fingerprint pattern 
of a fingertip, said apparatus comprising: 

a physical array having a plurality of individual 
distance-sensing capacitance-cells; 

16. The apparatus of claim 15 including: 

scan means for providing a sequential output 
signalTrom each output-node of each amplifier of 
each capacitance cell, said sequential output signal 
being indicative of the ridge/valley fingerprint pat- 
tern of the fingertip currently resident on said die- 
lectric surface. 

17. The apparatus of claim 15 wherein: 

said amplifier is a signal-inverting amplifier; and 



fingertip, wherein each capacitance-cell further in- 
cludes an amplifier having an ungrounded input - 
node and an ungrounded output-node connected to 
the capacitor plate means, wherein the capacitor 

s plate means forms a compound-capacitor with an 
ungrounded fingertip currently resident on the die- 
lectric surface, and wherein the compound-capaci- 
tor provides amplifier feedback as a function of a 
distance between a portion of the ungrounded fin- 

io gertip ridge/valley pattern and the dielectric surface, 
said method comprising: 

providing grounded metal path means verti- 
cally below the ungrounded dielectric surface in a 
manner to be electrically isolated from the capacitor 

is plate means of each of the capacitance-cells. 

21. The method of claim 20 including the step of : 

providing scan means operable to provide a 
sequential output signal from each output-node of 
20 each amplifier of each capacitance cell, the sequen- 
tial output signal being indicative of the ridge/valley 
fingerprint pattern of a fingertip currently resident on 
said dielectric surface. 

25 22. The method of claim 20 including the step of: 

providing start switch means to momentarily 
short the input-node to the output-node of each am- 
plifier prior to operation of said scan means. 

30 23. Apparatus providing an electrical output that is in- 
dicative of the ridge/valley fingerprint pattern, of a 
fingertip, said apparatus comprising: 



said feedback is negative-signal feedback. 

18. The apparatus of claim 17 including: 

scan means for providing a sequential output 
from each amplifier of each of said capacitance 
cells, said sequential output comprising said an out- 
put indicative of the ridge/valley fingerprint pattern 
of a fingertip. 

19. The apparatus of claim 15 or 18 including: 

start switch means operable to momentarily 
short said input-node to said output-node of each 
of said amplifiers prior to operation of said scan 
means 

20. A method providing electrostatic discharge protec- 
tion for vertical distance measuring apparatus that 
provides an output indicative of the ridge/valley fin- 
gerprint pattern of a fingertip, wherein the apparatus 
includes a plurality of individual distance-sensing 
capacitance-cells, wherein each capacitance-cell 
includes grounded capacitor plate means placed 
vertically below an ungrounded and generally hori- 
zontal dielectric surface adapted for physical asso- 
ciation with a portion of an electrically ungrounded 



a physical array having a dielectric layer with 
35 plurality of individual capacitance-cells formed 

therein; 

each capacitance-cell including a first and a 
second electrically ungrounded capacitor plate 
40 that are electrically isolated from each other 

and are placed below an ungrounded dielectric 
surface of said dielectric layer; 

said dielectric surface being adapted for phys- 
45 ical association with an electrically ungrounded 

fingertip; 

an amplifier for each of said capacitance-cells, 

so each of said amplifiers having an electrically 

ungrounded input-node connected to a said 
first capacitor plate, and having an electrically 
ungrounded output-node connected to a said 
second capacitor plate; 

55 

said first and said second of capacitor plates of 
each capacitor-cell forming a compound-ca- 
pacitor with an ungrounded fingertip resident 
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on said dielectric surface; 

said compound-capacitors providing output-to- 
input amplifier feedback as a function of a'dis- 
tance of an ungrounded fingertip ridge/valley 5 
pattern from said dielectric surface; and 

electrically grounded metal path means placed 
within said dielectric layer and below said un- 
grounded dielectric surface in a manner to be io 
electrically isolated from and to physically sur- 
round each of said capacitor plates of each of 
said capacitance-cells. 

24. The apparatus of claim 23 wherein; 

said capacitor plates and said metal path 
means are placed within said dielectric layer at 
common plane that is generally parallel to said die- 
lectric surface. 

25. The apparatus of claim 23 wherein: 

said capacitor plates are placed within said di- 
electric layer in a first plane that is generally 
parallel to said dielectric surface; and 25 

said metal path means is placed within said di- 
electric layer in a second plane that is interme- 
diate said first plane and said dielectric surface. 

30 

26. The apparatus of claim 23 wherein: 

said capacitor plates are placed within said di- 
electric layer in a first plane that is generally 
parallel to and located at a first distance from 35 
said dielectric surface; 

said metal path means is placed within said di- 
electric layer in a second plane that is located 
at a distance that is greater than said first dis- 40 
tance from said dielectric surface; and 

said metal path means includes a plurality of 
metal fingers that extend from said second 
plane and terminate in or generally adjacent to 45 
said first plane. 
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